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ABSTRACT

One of the most challenging issues in radio frequency identification (RFID) and near field communications
(NFC) is to correctly and quickly recognize a number of tag IDs in the reader’s field. Unlike the probabilistic
anti-collision schemes, a query tree based protocol guarantees to identify all the tags, where the distribution of
tag IDs is assumed to be uniform. However, in real implements, the prefix of tag ID is uniquely assigned by the
EPCglobal and the remaining part is sequentially given by a company or manufacturer. In this paper, we propose
an enhanced M-ary query tree protocol (EMQT), which effectively reduces unnecessary query-response cycles
between similar tag IDs using m-bit arbitration and tag expectation. The theoretical analysis and simulation results
show that the EMQT significantly outperforms other schemes in terms of identification time, identification

efficiency and communications overhead.
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Fig. 3. Tag Identification in QT
Aeol-gt A S wmsb SbEle] Alshe
A Azbo] Aol 4 9l
2.3. MHX|AE| FE! (Manchester Coding)
QU= 5 ) ol ool S5 el
A 2B AR BEe
AHR= A3 °é*% T ok oAE AlsE qlzds)
Wil ZRle olgsiol
FEe WA Hl1Ee] ARE A 5 sick °
A2E] FTE WAl shle] wlEE= ko] 7k
(value)”} oz} Aske] Ho|(transition) o2 F3
H} 0’ B]EE ofe] #lo|(positive transition) 2.2

XEHET, 1 BEE 59 Ao|(negative transition)

rr
sl
=
oy
=2
ol
ok
i
r&

o2 el wef 7 Ul olike] "laEe] FAlel
gk, ofke] Ao ]3} 29] Mol A2 ArHE
o] WAzE ZHelAE H4Ex 2= FAolno
transition) AYel7} =] o2lr} ubAlE AL O 5

ola]gt AR wiAAE] FUL o]&dA] o]

= BB FEo] AP =AE 4T 4 otk 1
d 4= 7 7Ne] ez Tagld} Tag27} sAlol &+
AL ), vt A He S HIAATE oE
A AREEAE Bof Foh oke] Aol 5] Aol
7F A& AsfEle] - AolE HHIAIA o HEd]
o] TAgEA gk RS o 5 9lrk

2.4. &= Eg| (Collision Tree: CT)

QTS 7o g 3= TS wWixse =49 7)
Hogne 1o HE 3E H|E(first collided bit)
AEE o] g3l FEEE JIFE 0l s
= AANA QTe A8z Fr1-os FHaAR)
th elEe] S o 2p4le] e ID AAE &
el QT =, 2yt AS3 e s

438

Tag 1: 10110010 % A L % jj j
1o, 1 1,070 1 0

Tag2: 10101010 W 3 4 v 4 F
1 0 1 0 1 0 1 0

Response: 10172010 T + * + T
1 0 1 ? ? 0 1 0

38 4. WAz F= 48 A S5 E S
Fig. 4. Collision behaviors for Manchester code

Aelgk V] el IDERF Sk o] uff, wiA
2E FZHE 0|83 ﬂJ:La:ol A7 Sl
ojw H|Eof| FFo] A=A ANE % 4 9lrk
wjtell, ofz] ezt SAlel SRS
FAlels enke o0, 1 Bl F2ES 94131%}%
w2 BESS VeRd 5 glch FE 3A Al gy
7} Aogt x|zl (00 IS Tﬂﬁkﬁ 7N
o AR AE Aol Y= QT &, CT
e Bzt B2 S WA Hx F
= HE o[F7HAY mIEES A9 ﬁﬂ»ﬂﬁoﬂ
F7RE o2, 0 1S Bl F N A2
o5 Aol W&k

CTE 13 543 "z A #IAS Ee] =
Hebd o glek a3 59] BlasE s 39 QT
o] A T gHaER o|FoA 9k a7 5
o e] #Ael--g5t 3= 9wle|t}

2.5. M-ary F2| E2| (M-ary QT: MQT)
MQT'= <A QTE 7|Mhe2 gk QT+ 3
o] elgwt siAe) shle] mlEnt APgEsle 1-

El : collision node

: identification node

- identified tag ID

J8 5. CTe B APH 3y
Fig. 5. Tag Identification in CT

H]EglAl(1-bit arbitration) WS ARE3IR} wbH,

www.dbpia.co.kr



DS #% Mary 2] E2] dae|Fe] el W3 A7

Algoritm 1. Mapping Function
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(M: 2M, p,: a binary value)
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E 1. EMQTIA 2] darelE
Table 1. Reader Algorithm in EMQT

<Reader>

1) The reader pops a query g from query-queue and
sends out it including a bit string called prefix.
The query of the longest size is first selected. If
queries with the same size exist, the query with
the smallest value is chosen. Initially, it starts
with an empty string &

2) Three possible cases can arise based on the tags’
response. Mapping bits are the M(=2") bits from
the significant bit.

2-1) Only single ‘1’ is in the mapping bits and no
‘*? is in the entire tags’ response string: One
unique tag is identified.

2-2) The size of tag’s response string is M and the
number of ‘*’ in the mapping bits is #: ¢ tags
are identified.

2-3) Otherwise: Let the number of ‘*’ in the
mapping bits is ¢, then ri, -, r, are the strings
that inversely mapped from the mapping
function or mapping table. Queries gqllri, -,
q||lr: are prepared in the next step.

3) Repeat steps 1) and 2) until the query-queue is

empty.

2. EMQTellA] 819 o3
able. 2. Tag Algorithm in EMQT

o H

<Tag>

1) When the tag receives a query different
from its own ID, it does not respond.

2) Otherwise, it responds with the rest part
of except the prefix part, At this time, m bits
from the MSB of the rest part are mapped into
M(=2") bits by the mapping function or
mapping table for m bits.
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Table 3. Example for Mapping Table
(@) 2(=m) B]Ee] gt (b) 3(=m) B]|Ee] o3t w3
o e P

(a) Mapping function for (b) Mapping function for

2(=m) bit 3(=m) bit

2 bit | 4(=2% bit 3 bit 8(=2") bit
00 0001 000 0000 0001
01 0010 001 0000 0010
10 0100 010 0000 0100
11 1000 011 0000 1000

100 0001 0000

101 0010 0000

110 0100 0000

111 1000 0000
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